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SYSTEM AND METHOD FOR IRRADIATING 
A TARGET WITH ELECTROMAGNETIC 
RADIATION TO PRODUCE A HEATED 

REGION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS AND CLAIM OF PRIORITY 

This is a continuation-in-part of US. patent application 
Ser. No. 11/286,104 ?led on Nov. 22, 2005, now US. Pat. No. 
7,565,207, Which is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field 
The present invention relates generally to systems and 

apparatus for irradiating targets With electromagnetic radia 
tion, and more speci?cally to systems having annular-type or 
various sectored applicators and associated control systems 
for controlling application of radiation to targets through 
phased array poWer steering, Wherein the phased array system 
is integratable With a magnetic resonance imaging system. 

2. State of the Art 
Current systems for applying electromagnetic radiation 

(EMR) to targets, such as living bodies and biological tissue, 
and controlling the position of a region of heating Within the 
target through phased array poWer steering are provided With 
a plurality of electromagnetic applicators poWered by multi 
channel EMR systems Where different applicators are each 
provided With electronically controlled poWer of electroni 
cally controlled phase by different poWer channels of the 
EMR system. This creates a desired phased array heat pattern 
steering capability. Such an approach results in high system 
complexity and cost in order to provide such phased array 
heat pattern steering. The phased array devices have been 
integrated With magnetic resonance (MR) imaging systems 
and operated simultaneous and independent of the MR imag 
ing system. 

Several types of therapeutic treatments for cancer in 
humans are in current, common use. These treatments include 
surgery, X-rays, radiation from radioactive sources, and che 
motherapy. These treatments are often combined in various 
Ways to enhance treatment effectiveness. 

Although such conventional treatment techniques have 
been successful in treating cancer in many patients and in 
prolonging the lives of many other patients, they are fre 
quently ineffective against many types of cancer and often 
have severe adverse side effects at the necessary treatment 
levels. Protracted treatment of cancer patients by X-rays or 
chemotherapy, as an illustration, tends to eventually destroy 
or inhibit the patients’ natural immunological systems to an 
extent that many patients eventually succumb to common 
infectious diseases, such as in?uenza or pneumonia, Which 
otherWise probably Would not be fatal. Also, many patients 
having advanced stages of cancer or complications may 
become too Weak to Withstand the trauma of surgical or other 
cancer treatments; hence, the treatments cannot be under 
taken or must be discontinued. 
Due both to the prevalence and the typically severe conse 

quences of human cancer, as Well as frequent ineffectiveness 
of current treatments such as those mentioned above, medical 
researchers are continually experimenting in an attempt to 
discover and develop improved or alternative cancer treat 
ment methods With their associated treatment apparatus. 

Hyperthermia, the generation of arti?cially elevated body 
temperatures, has recently been given serious scienti?c con 
sideration as an alternative cancer treatment. Much research 
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2 
has been conducted into the effectiveness of hyperthermia 
alone or in combination With other treatment methods. This 
research is important in that hyperthermia techniques appear 
to have the potential for being extremely effective in the 
treatment of many or most types of human cancers, Without 
the often severely adverse side effects associated With current 
cancer treatments. Hyperthermia is sometimes called thermal 
therapy indicating the raising of the temperature of a region of 
the body. 

Researchers into hyperthermia treatment of cancer have 
commonly reported that many types of malignant groWths in 
humans can be thermally destroyed, usually With no serious 
adverse side effects, by heating the malignancies to tempera 
tures slightly beloW that injurious to most normal, healthy 
cells. Furthermore, many types of malignant cell masses have 
reportedly been found to have substantially loWer heat trans 
fer to lessen the ability to dissipate heat, presumably due to 
poorer vascularity and reduced blood ?oW characteristics. 
Consequently, these types of groWths appear capable of pref 
erential hyperthermia treatment. Poorly vascular malignant 
groWths can reportedly be heated to temperatures several 
degrees higher than the temperature reached by the immedi 
ately surrounding healthy tissue. This promises to enable 
hyperthermic treatment of those types of malignant groWths 
Which are no more thermally sensitive than normal tissue 
Without destruction of normal cells, and additionally to 
enable higher temperature, shorter hyperthermia treatment 
times of more thermally sensitive types of malignancies 
Which exhibit poor vascularity, usually an advantage for 
important medical reasons. 

In this regard, researchers have commonly reported that as 
a consequence of these thermal characteristics of most malig 
nant groWths and the thermal sensitivity of normal body cells, 
hyperthermia temperatures for treatment of human cancer 
should be carefully limited Within a relatively narroW effec 
tive and safe temperature range. Hyperthermia is generally 
provided by temperatures over 40 degrees C. (140 degrees F.). 
Hyperthermia has historically included temperatures Well 
above 60 degrees C., but in recent years has generally been 
considered to include temperatures as high as 45 degrees C. 
(113 degrees F.). HoWever, there may be portions of a can 
cerous tumor that Will exceed this level, the intent is to 
attempt to get as much of the tumor region above the 40 
degree C. region as possible. 
At treatment temperatures above the approximate 45 

degrees C. (113 degrees F.), thermal damage to most types of 
normal cells is routinely ob served if the time duration exceeds 
30 to 60 minutes; thus, great care must be taken not to exceed 
these temperatures in healthy tissue for a prolonged period of 
time. Exposure duration at any elevated temperature is, of 
course, an important factor in establishing the extent of ther 
mal damage to healthy tissue. HoWever, if large or critical 
regions of the human body are heated into, or above, the 45 
degree C. range for even relatively short times, normal tissue 
injury may be expected to result. 

Historically, late in the last century alternating electric 
currents at frequencies above about 10 KHZ Were found to 
penetrate and cause heating in biological tissue. As a result, 
high frequency electric currents, usually in the megahertz 
frequency range, have since been Widely used for therapeutic 
treatment of such common bodily disorders as infected tissue 
and muscle injuries. Early in this century, the name 
“diathermy” Was given to this EMR tissue heating technique, 
and several discrete EMR frequencies in the megahertz range 
have subsequently been allocated speci?cally for diathermy 
use in this country by the Federal Communications Commis 
sion (FCC). 
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Extensive articles and reports have been Written on the use 
of the phased array principle to provide hyperthermia heat 
pattern steering, and several patents have been issued cover 
ing use of phased arrays. All have relied upon the use of 
electronic phase and poWer steering to provide heat pattern 
steering control. This results in relatively complicated equip 
ment con?gurations With multiple channel controls of poWer 
and phase. Such con?gurations can be di?icult for routine 
clinical professionals to learn and utiliZe in the clinic. The 
simpler the clinical controls are in such a treatment system, 
the easier the operation of the system and potentially the 
greater the reliability. Simplicity of such designs may further 
lead to feWer system failures due to component failures. The 
utiliZation of standardized heating regions provided by stan 
dard energy steering con?gurations is expected to provide 
improved adaptation for clinical use. 

The BSD-2000 system produced by BSD Medical Corpo 
ration, Salt Lake City, Utah, utiliZes multi-channel phased 
array systems that control frequency, radiated poWer, and 
relative phase. Each channel has electronic controls of poWer 
and phase and is connected to different antennas. This alloWs 
electronic steering of the heating pattern, but at high cost and 
complexity. Such high cost can be cost prohibitive for routine 
clinical use. The ability to do heat pattern steering permits 
energy to be focused and directed more selectively to the 
target tumor region. In order to provide su?icient heat energy 
penetration, a loWer frequency must be selected. This is 
because the penetration attenuation of human tissue increases 
at higher frequencies. As frequency is loWered hoWever, the 
heating focus diameter increases. Thus, the proper frequency 
is needed to provide the optimum depth Within acceptable 
heating pattern siZe limits. In general, hyperthermia is best 
applied When tumor target tissues around the diseased area is 
also heated. This provides preheating of in?oWing blood and 
reduces thermal conduction from the perimeter of the tumor 
to draW heat out of the tumor perimeter. The BSD-2000 
system has been investigated since 1988. The novel use of 
such phased arrays systems has proven to be useful and ben 
e?cial in treating patients With various forms of cancers, even 
in Phase III clinical trials. HoWever, the use of complex and 
expensive multi-channel ampli?er systems to provide mul 
tiple EMR synchronous phase energy channels that have 
phase control to steer the heating region in the body has 
excessive complexity for routine clinical use in some treat 
ment centers. The BSD-2000-3D/MR system is the integra 
tion of the BSD-2000-3D hyperthermia system With a mag 
netic resonance imaging system. In such a con?guration the 
hyperthermia system has been operated independent of the 
MR imaging system, Where the MR imaging system has been 
used as an independent monitor primarily of temperature. 
This has been done using the proton resonance shift from the 
image stored prior to body heating and digitally subtracting 
the phase image of the initial pattern from the complex phase 
image patterns obtained during heating. This provides gener 
ally a dominant indication of the temperature change in tis 
sues of the body. This temperature change image produced by 
the MR imaging system can include error effects that are 
produced by tissue perfusion changes during heating treat 
ments. The perfusion changes can also be determined by the 
MR imaging system. 

There is a need for EMR applicator apparatus, and corre 
sponding methods for EMR irradiation, Which provide sim 
pli?ed heat pattern steering of EMR heating in a target, such 
as a target of biological tissue in a living body or tissue 
simulating matter. 

SUMMARY OF THE INVENTION 

It has been ob served that the typical operating frequency of 
a phased array device located in a magnetic resonance imag 
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4 
ing system can range betWeen 60 to 200 MHZ. The typical 
magnetic imaging system operated With a magnetic ?eld 
strength of approximately 1.5 Tesla typically uses radio fre 
quency (RF) poWer transmitters at a frequency of 63.5 MHZ. 
For a ?eld magnetic strength of approximately 3 Tesla, the 
transmitter frequency is typically set to 127 MHZ. The high 
poWer RF transmitter frequency of the MR system is in the 
same range as that used for the phased array hyperthermia 
device. To simplify such an integrated system of the phased 
array hyperthermia With the MR imaging system, it is pro 
posed to provide a novel method to utiliZe the MR RF poWer 
output to also provide the needed poWer to heat the target 
using the phased array hyperthermia device that is inserted 
into the MR aperture. 

According to the present invention, a simpli?ed hyperther 
mia system utiliZing an array of electromagnetic radiation 
applicators utiliZes variable re?ective termination devices 
coupled to the applicators to control the phase of the EMR 
poWer applied to the individual applicators to steer and con 
trol the position of the system heating region in the target. The 
EMR poWer can be supplied to the applicators by a single 
EMR poWer source and the phase of the EMR radiation 
directed toWard the target by each of the individual applica 
tors is controlled by the variable re?ective termination 
devices. The state of a variable re?ective termination device, 
e.g., Whether the termination presents an open circuit or a 
short circuit, can be easily varied by a user of the system to 
control the phase of re?ected EMR poWer at the connection to 
the applicator, Which controls the phase of the radiation from 
the particular applicator. By controlling the phase of the 
radiation from each applicator in this manner, the position of 
the heated region in the target can be steered and controlled 
Without the need for a separate poWer channel in the EMR 
poWer source for each applicator. A single EMR energy 
source With a passive poWer splitter can be used to supply 
EMR energy of approximately equal poWer and phase to all 
applicators through the poWer splitter and the phase of energy 
radiated by each individual applicator is easily controlled by 
the variable re?ective termination device. 

In one embodiment of the present invention, a simpli?ed 
hyperthermia system integrated With a magnetic imaging sys 
tem having an array of electromagnetic radiation applicators 
utiliZes variable re?ective termination devices coupled to the 
applicators to control the phase of the EMR poWer applied to 
the individual applicators to steer and control the position of 
the system heating region in the target and being energiZed by 
the RF poWer output of the MR imaging system. The EMR 
poWer can be supplied to the applicators by a single EMR 
poWer coupling device or by an array of coupling sources that 
can be inserted into the aperture of the MR imaging system. 
The phase of the EMR radiation directed toWard the target by 
each of the individual applicators can be controlled by the 
variable re?ective termination devices. 
The state of a variable re?ective termination device, e.g., 

Whether the termination presents an open circuit or a short 
circuit, can be varied by a user of the system to control the 
phase of re?ected EMR poWer at the connection to the appli 
cator, Which controls the phase of the radiation from the 
particular applicator. By controlling the phase of the radiation 
from each applicator in this manner, the position of the heated 
region in the target can be steered and controlled Without the 
need for a separate poWer channel in the EMR poWer source 
for each applicator. A single EMR energy coupling device 
With a passive poWer splitter can be used to supply EMR 
energy of approximately equal poWer and phase to all appli 
cators through the poWer splitter. The phase of energy radi 
ated by each individual applicator can be controlled by the 
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variable re?ective termination device. Multiple coupling 
devices can also be used to provide the EMR poWer to indi 
vidual or groups of radiating EMR applicators. 

In one embodiment, the EMR poWer source can be coupled 
to all applicators in the array. Alternatively, some of the appli 
cators in the array can be parasitic applicators, i.e., not 
directly coupled to the EMR poWer source. These non-active, 
parasitic applicators can re-radiate EMR energy With the 
phase of the re-radiated energy dependent upon the termina 
tion of the applicator. The termination can be made adjustable 
by connection of a variable re?ective termination device 
coupled to the parasitic applicator. This phase control can also 
be provided by a number of means, such as path length 
variation, and the use of using a number of PIN diodes that 
can be turned on to provide a short betWeen tWo transmission 
line conductors used for tuning or phase shifting. 

In one embodiment, the variable re?ective termination 
devices can be coupled to each applicator in the array. HoW 
ever, depending upon the adjustability of the heating region 
positioning required or desired, it is not necessary to connect 
a variable re?ective termination device to each applicator. As 
a minimum, it is only necessary that one applicator be 
coupled to the EMR poWer source and that only one applica 
tor be connected to a variable re?ective termination device. If 
only one applicator is coupled directly to the poWer source, 
the variable re?ective termination device Will need to be 
coupled to a different applicator to provide the system With 
some steering capability. The coupling of the applicator(s) to 
the poWer source can include use of the EMR poWer source of 
a magnetic resonance imaging system by either direct coaxial 
cable coupling means such as coaxial sWitches or PIN diode 
switches or by other coupling means from the transmitting 
body coil. 

The applicator array of the invention Will usually be 
formed of a plurality of individual applicators for directing 
EMR energy toWard the target. The EMR poWer source is 
coupled to supply EMR energy to one or more of the indi 
vidual applicators, Which are the primary radiators. The 
poWer source can be controlled to control the amplitude and 
phase of energy supplied by the poWer source to the primary 
radiators. The poWer source can be a high output poWer, 
single channel poWer source that uses a passive poWer splitter 
to activate the primary radiators With EMR poWer of approxi 
mately equal poWer and phase. In one embodiment, all appli 
cators can be primary radiators coupled to the poWer source 
through the poWer splitter. Alternatively, some of the appli 
cators can be parasitic non-active, passive radiators that re 
radiate EMR energy. The poWer and phase of this re-radiated 
energy is determined by the terminations of the parasitic 
applicators. Variable re?ective termination devices prefer 
ably provide the termination of the passive applicators and the 
state of the variable re?ective termination devices determine 
the phase of the re-radiated energy and the resulting heating 
pattern of the applicator array. 

In one embodiment, four primary radiators are positioned 
around a target to be radiated. All radiators are primary radia 
tors coupled to a single channel, high poWer EMR poWer 
source through a passive poWer splitter that splits the EMR 
poWer from the source into four separate channels of approxi 
mately equal poWer and phase. The applicators each include 
at least one antenna and each have a central energy supply 
connection point. Each applicator is coupled to the poWer 
splitter by a cable of predetermined length extending from the 
poWer splitter to the applicator central energy supply connec 
tion point. Each applicator central energy supply connection 
point is thus provided With a signal having approximately 
equal poWer and equal phase through the poWer splitter from 
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6 
the EMR poWer source. The length of the cable betWeen the 
central energy supply connection point and the variable 
re?ective termination device and the state of the variable 
re?ective termination device determine the apparent state of 
the central energy supply connection point to incoming EMR 
poWer and determines the phase of the EMR energy radiated 
from the antennas of the applicator. This arrangement pro 
vides offset heat pattern steering toWard the surface of the 
body While preserving signi?cant deep heating energy pen 
etration. It provides control to direct the region of heating 
aWay from a centered region in the target. For example, in one 
embodiment, an array of antennas can be used to provide 
eight offset positions rotated forty-?ve degrees around the 
target from one another. The target Will usually be a human 
patient or tissue sample to be heated Which is positioned in a 
housing. The applicators can be arranged around the housing 
to encircle the target placed in the housing. A dielectric ?uid 
having an impedance approximately equivalent to an appli 
cator impedance at the predetermined frequency of the EMR 
radiation being used in the system can be used to substantially 
?ll a predetermined length of the housing around the target. 
The housing Will generally include a bolus inside the housing 
around the target to contain the ?uid. 

In another embodiment that Would include a magnetic 
resonant imaging system, four or more primary radiators are 
positioned around a target to be radiated. All radiators are 
primary radiators coupled to a single EMR coupler. The EMR 
coupler is coupled to the magnetic imaging Body Coil pro 
viding the high poWer EMR through a passive poWer splitter 
that splits the EMR poWer from the MR coupling source into 
four separate channels of approximately equal poWer and 
phase. The applicators each include at least one antenna and 
each have a central energy supply connection point. Each 
applicator is coupled to the poWer splitter by a cable of pre 
determined length extending from the poWer splitter to the 
applicator central energy supply connection point. Each 
applicator central energy supply connection point is thus 
provided With a radio frequency signal having approximately 
equal poWer of equal phase through the poWer splitter from 
the EMR poWer source. 

Each applicator can be connected to a variable re?ective 
termination device through a cable of predetermined length 
that is also connected to the central energy supply connection 
point or to a variable electrical length device such as a vari 
able phase delay transmission device typically called a pas 
sive phase shifter. The length of the cable betWeen the central 
energy supply connection point and the variable re?ective 
termination device and the state of the variable re?ective 
termination device determine the apparent state of the central 
energy supply connection point to incoming EMR poWer and 
determines the phase of the EMR energy radiated from the 
antennas of the applicator. This arrangement can provide 
offset heat pattern steering toWard the surface of the body 
While preserving signi?cant deep heating energy penetration. 
It provides control to direct the region of heating aWay from a 
centered region in the target. For example, in one embodiment 
the arrangement can be used to target eight offset positions 
rotated approximately forty-?ve degrees around the target 
from one another. The target Will usually be a human patient 
or tissue sample to be heated Which is positioned in a housing. 
The applicators can be arranged around the housing to 

encircle the target placed in the housing. The EMR coupling 
device from the magnetic resonance imaging system high 
poWer EMR ampli?er can be either directly connected to the 
applicator array or coupling can be achieved by a coupling 
device to the body coil in the MR imaging device. The EMR 
coupling device can be placed in close proximity to the body 
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coil to provide for ef?cient coupling of the EMR power from 
the body coil. The coupling device can utilize the standard 
activation mode of the body coil to pass energy into the 
coupling device that is directed to the radiating applicator. 
The connections betWeen the EMR coupler and the feed 
points of the applicator phased array can be arranged in such 
a Way that When the MR transmitting mode is active for image 
acquisition, the connections to the applicators are opened so 
that the applicators do not load the EMR poWer of the body 
coil during that time period. Such opening can be obtained by 
using PIN diodes to provide an open and closed circuit path. 
A dielectric ?uid having an impedance approximately 
equivalent to the impedance of the body alloWs an applicator 
impedance to be matched to the body at the predetermined 
frequency of the EMR radiation being used in the system. The 
bolus can be used to substantially ?ll a predetermined length 
of the housing around the target. The housing Will generally 
include a bolus inside the housing around the target to contain 
the ?uid. In one embodiment, the ?uid can be deioniZed 
Water. 

Rather than four separate applicators in the system 
described, a single applicator formed by tWo concentric 
metallic cylinders surrounding the target can be used and can 
be con?gured to have the same EMR energy steering as 
described above. The steering is provided by placing variable 
re?ective termination devices betWeen the tWo concentric 
rings at spaced intervals around the rings so that the devices 
can provide an equivalent short circuit termination betWeen 
the tWo metal rings to steer the energy aWay from the short. 
This short circuit con?guration can be achieved by joining 
common ends of the dipoles or ?lling the spaces partially or 
totally betWeen the adjacent dipole ends. 

The system can utiliZe different types of EMR applicators 
to heat the target. The individual applicators may be, for 
example, horn type radiators, patch radiators, dipole anten 
nae, folded dipoles, monopoles, Waveguides, tWo concentric 
metal cylinders that surround the target to form a single 
dipole, etc. These antenna sources can be linearly polariZed 
for the greatest enhancement of the heating in the overlapping 
Wave targeted region. In another embodiment, circularly or 
elliptically polariZed spirals can also be used for the EMR 
radiating sources. 

The system of the present invention can be used to provide 
loWer cost and complexity for phased array control of heating 
patterns in predictable steering positions in a target through 
the use of variable re?ective termination devices to select and 
control the re?ective terminations of at least one of the appli 
cators in an array. In another embodiment, the present inven 
tion can be included With a magnetic resonance imaging 
system that can provide loWer cost and complexity for phased 
array control of heating patterns in predictable steering posi 
tions in a target through the use of variable re?ective termi 
nation devices to select and control the re?ective terminations 
of at least one of the applicators in an array When combined 
With an magnetic resonance imaging system since the expen 
sive high poWer EMR ampli?ers used for the Body Coil can 
be used for both the imaging and the tissue heating. The 
variable re?ective termination devices can include open cir 
cuit and short circuit terminations, variable cable lengths, or 
similar devices. These devices can also be used to create the 
same effects With parasitic antennas or combinations of pri 
mary and parasitic antennas for phase steering of a phased 
array of antennas. The present invention can provide a sim 
pli?ed annular applicator apparatus for EMR heating for any 
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8 
required purpose, such as medical hyperthermic treatment of 
cancer or of other medical uses or research. 

THE DRAWINGS 

Additional features and advantages of the invention Will be 
apparent from the detailed description Which folloWs, taken 
in conjunction With the accompanying draWings, Which 
together illustrate, by Way of example, features of the inven 
tion; and, Wherein: 

FIG. 1 is a schematic diagram of a system of the invention 
for creating hyperthermia in a target using active energy at 
feed points of an antenna applicator array With variable phase 
terminations used to alter the resultant phase radiated from 
each antenna group; 

FIG. 2 is a schematic top vieW of the system of FIG. 1 
shoWing an elliptical target body centrally located inside a 
cylindrical housing and antenna array; 

FIG. 3 is a diagram similar to that of FIG. 1, but shoWing a 
phased array system With no phase steering capability using a 
single electromagnetic energy source and poWer splitter that 
Would provide only a central region of heating Within the 
targeted tissue; 

FIG. 4 is a schematic top vieW of the system of FIG. 3 
shoWing an elliptical target body centrally located inside a 
cylindrical housing and antenna array and shoWing the cen 
trally located heated area in the body; 

FIG. 5 is a diagram similar to that of FIG. 1, but shoWing a 
phased array system With limited phase steering capability 
With a variable re?ective termination device coupled to one of 
the applicators at its feed point so the phase of the termination 
can be altered to steer the resulting heating pattern created by 
the system in a body either toWard or aWay from the applicator 
With the termination device; 

FIG. 6 is a schematic top vieW of the system of FIG. 5 
shoWing an elliptical target body centrally located inside a 
cylindrical housing and antenna array and shoWing the 
steered heated area displaced in the body aWay from the 
applicator With the termination device; 

FIG. 7 is a diagram similar to that of FIG. 1, but shoWing a 
phased array system With limited phase steering capability 
With a variable re?ective termination device coupled to tWo 
adjacent applicators at their feed points so the phase of the 
termination can be altered to steer the resulting heating pat 
tern created by the system in a body either toWard or aWay 
from the applicators With the termination devices; 

FIG. 8 is a schematic top vieW of the system of FIG. 7 
shoWing an elliptical target body centrally located inside a 
cylindrical housing and antenna array and shoWing the 
steered heated area displaced in the body aWay from the tWo 
adjacent applicators With the termination devices. 

FIG. 9 is a diagram similar to that of FIG. 5, shoWing a 
similar phased array system With limited phase steering capa 
bility With a variable re?ective termination device coupled to 
a different one of the applicators at its feed point so the phase 
of the termination can be altered to steer the resulting heating 
pattern created by the system in a body either toWard or aWay 
from the applicator With the termination device; 

FIG. 10 is a schematic top vieW of the system of FIG. 9 
shoWing an elliptical target body centrally located inside a 
cylindrical housing and antenna array and shoWing the 
steered heated area displaced in the body aWay from the 
applicator With the termination device; 

FIG. 11 is a diagram similar to that of FIG. 5, shoWing a 
similar phased array system With limited phase steering capa 
bility With one applicator having only a variable re?ective 
termination device connected at its feed point With no con 
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nection to the EMR energy source at its feed point so the 
phase of the termination can be altered to steer the resulting 
heating pattern created by the system in a body either toWard 
or aWay from the applicator With the termination device; 

FIG. 12 is a schematic top vieW of the system of FIG. 11 
shoWing an elliptical target body centrally located inside a 
cylindrical housing and antenna array and shoWing the 
steered heated area displaced in the body aWay from the 
applicator With the termination device; 

FIG. 13 is a diagram similar to that of FIG. 7, but shoWing 
a phased array system With limited phase steering capability 
With tWo adjacent applicators having only a variable re?ective 
termination device connected at their feed points With no 
connection to the EMR energy source at their feed points so 
the phase of the terminations can be altered to steer the result 
ing heating pattern created by the system in a body either 
toWard or aWay from the applicators With the termination 
devices; 

FIG. 14 is a schematic top vieW of the system of FIG. 13 
shoWing an elliptical target body centrally located inside a 
cylindrical housing and antenna array and shoWing the 
steered heated area displaced in the body aWay from the tWo 
adjacent applicators With the termination devices; 

FIG. 15 is a diagram similar to that of FIG. 11, shoWing a 
similar phased array system With limited phase steering capa 
bility With a different one of the applicators having only a 
variable re?ective termination device connected at its feed 
point With no connection to the EMR energy source at its feed 
point so the phase of the termination canbe altered to steer the 
resulting heating pattern created by the system in a body 
either toWard or aWay from the applicator With the termina 
tion device; 

FIG. 16 is a schematic top vieW of the system of FIG. 15 
shoWing an elliptical target body centrally located inside a 
cylindrical housing and antenna array and shoWing the 
steered heated area displaced in the body aWay from the 
applicator With the termination device; 

FIG. 17 is a schematic diagram of a system of the invention 
With full steering capability similar to the system shoWn in 
FIG. 1 but shoWing an applicator formed of tWo concentric 
metal cylinders that surround the target forming a single 
dipole With localiZed EMR signal feed connections betWeen 
the cylinders at four points spaced at ninety degree intervals 
around the cylinders and With variable re?ective termination 
devices coupled to each feed point betWeen the tWo cylinders 
to provide steering similar to that provided by the system of 
FIGS. 1 and 2; 

FIG. 18 is a schematic diagram of a system having a plu 
rality of electromagnetic radiation applicators poWered by an 
MRI EMR source through a sWitch in accordance With an 
embodiment of the present invention; 

FIG. 19 is a schematic diagram of a system having a cou 
pling device operable to couple EMR from a transmitting 
body coil in an MRI and direct the EMR to a plurality of 
electromagnetic radiation applicators in accordance With an 
embodiment of the present invention; 

FIG. 20 is a schematic diagram of the system of FIG. 19 
shoWing the transmitting body coil in relation to the coupling 
device and the plurality of electromagnetic radiation applica 
tors and a sWitch used to open and close the circuit path 
betWeen the body coil and the coupling device; 

FIG. 21 is a schematic diagram of the system of FIG. 20 
Without the variable re?ective termination devices; 

FIG. 22 is a schematic diagram of a system having a cou 
pling device that includes coupling rings With breaks to 
couple the EMR from the body coil of the MRI in accordance 
With an embodiment of the present invention; 
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FIG. 23 is a schematic diagram of a system having a cou 

pling device that includes coupling rings With breaks and 
resonant coupling dipoles to couple the EMR from the body 
coil of the MRI in accordance With an embodiment of the 
present invention; 

FIG. 24 is a schematic diagram of resonant dipole couplers 
used to couple the EMR from the body coil of the MRI in 
accordance With an embodiment of the present invention; and 

FIG. 25 is a ?oW chart depicting a method for irradiating a 
target With electromagnetic radiation to produce a heated 
region in accordance With an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

The apparatus of the invention, as shoWn in FIG. 1, 
includes an electromagnetic radiation (EMR) energy source 
10 connected to a poWer splitter 11 that splits the EMR energy 
from source 10 into a plurality of outputs each connected to 
one of a plurality of applicators each including one or more 
antennas 14 connected by cables 17 and having central energy 
supply connection points 22. The antennas 14 radiate the 
EMR energy into a body 19, FIG. 2, positioned inside a 
dielectric shell or housing 20 for heating a target area in the 
body 19. The radiated energy from the antennas is referred to 
as a radio frequency heating signal. 
The EMR energy source 10 generally provides EMR 

energy in a frequency from 40 to 1000 MHZ. For heating in 
human adult torso regions, the preferred frequencies are from 
40 to 200 MHZ. This is because the penetration losses and the 
localized heating capability at these frequencies provide for 
selective targeting and steering in useful regions With 
adequate penetration to heat deeply. The poWer splitter 11 is 
a passive poWer splitter con?gured Without internal loss gen 
erally for more e?icient operation. This then provides energy 
that is directed to an antenna group to be partially or totally 
re?ected With various phases to alter the location of the phase 
focusing in the body. The EMR source 10 is connected to the 
poWer splitter 11 using a coaxial transmission line 9. The 
poWer received by splitter 11 is divided betWeen the output 
coaxial ports, here shoWn as four coaxial output ports, based 
upon the impedance presented to the passive poWer splitter by 
each of the output coaxial cables 12. The cables 12 are used to 
connect the poWer from the poWer splitter 11 to the central 
energy supply connection points or feed points 22 of each 
applicator, here shoWn as four applicators, that are each com 
prised of single or multiple antennas 14 connected by cables 
17. At these feed points 22, there are additional coaxial cables 
16 that are used to attach to variable re?ective termination 
devices 15. These variable re?ective termination devices con 
trol the effective termination seen at the central energy supply 
connection points 22. 
The variable re?ective termination devices 15 can be, for 

example, coaxial shorts or coaxial opens Where changing a 
termination from an electrical short circuit to an electrical 
open circuit Will alter the re?ected phase by one hundred 
eighty degrees to provide differing phase steering effects. If 
the effective termination 15 for example is a short circuit and 
is connected by a cable 16 that is one quarter Wave length 
long, the effect of that short circuit appears as an open circuit 
at the feed point 22 and provides for a central focal region of 
the heating pattern. This same result Will occur if cable 16 is 
one quarter, three quarters, one and one quarter, one and three 
quarters, etc. in length. HoWever, When this variable termina 
tion is changed to an open circuit at the end of the quarter 
Wave length cable 16, the resulting heating pattern is steered 


















